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(57) ABSTRACT

The image forming apparatus includes an image forming
section that forms a patch image T on a recording material P,
a fixing unit that fixes the patch image, a spectral color mea-
surement device that irradiates light onto the patch image T
that was fixed by the fixing unit, and measures reflected light
from the patch image, a white reference plate disposed facing
the spectral color measurement device; and a control unit that
controls a density or a chromaticity of an image based on a
result obtained by measuring the patch image and a result
obtained by measuring the white reference plate by means of
the spectral color measurement device. It is thereby possible
to improve the color measurement accuracy of a color mea-
surement device.
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FIG. 4A
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FIG. 4C
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1
IMAGE FORMING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus that employs the inkjet system or the electrophotographic
system or the like as an output device such as an image
recording apparatus that has the functions of a copier and a
printer or a multifunction machine or workstation having a
combination of the aforementioned functions. In particular,
the present invention relates to a method for measuring the
color of an image.

2. Description of the Related Art

In recent years, there is a demand for color image forming
apparatuses such as color printers and color copiers to
enhance the image quality of an output image. In particular,
the stability of the image gradation or the image color signifi-
cantly influences the quality of an image. However, in the case
of color image forming apparatuses, the tints of obtained
images vary in some cases due to environmental changes such
as in the temperature or humidity, lot differences that are due
to residual quantities or substitution of consumables or the
like, the media that is used (the kind of recording material),
and use of the apparatus over an extended time period. There-
fore, to realize stable tints in output images, it is effective to
detect the tints of output images using a color measurement
device, and to feed back the detected result to the process
conditions of the image forming apparatus. A color measure-
ment device measures the tint (chromaticity) of a printed
material or of the color of an object. Available color measure-
ment devices include, for example, a tristimulus value direct-
reading type color measurement device which irradiates
white light at a color measurement object, and receives the
reflected light with a light-receiving sensor through RGB
color filters to thereby measure the intensity of each color
component. The following spectral color measurement
device is also available. That is, a spectral color measurement
device is known which disperses the wavelengths of the
reflected light using a diffraction grating or a prism, and
thereafter detects the intensity of each wavelength with a line
sensor. Next, the spectral color measurement device deter-
mines the spectral reflectivity of the color measurement
object by performing a calculation that takes into account the
wavelength distribution of the dispersed light that was
detected, the wavelength distribution of the light of a light
source, and the spectral sensitivity of the sensor.

This kind of spectral color measurement device has a con-
figuration as illustrated, for example, in FIG. 10A. A detailed
description of FIG. 10A is provided later. Using this kind of
spectral color measurement device, a reference sample for
which the chromaticity or spectral reflectivity is known is
measured in advance, and after calibrating the apparatus itself
s0 as to output the known chromaticity or spectral reflectivity,
a color measurement object 104 is measured. In this case, as
the reference sample, for example, a ceramic tile is used that
has a white glaze applied on the surface layer thereof, as
represented by a BCRA tile that is certified by the British
Ceramic Research Association (BCRA). In addition, in the
case of a simple color measurement device that outputs only
the chromaticity, a white resin sheet that contains titanium
oxide that has a spectral reflectivity as illustrated in FIG. 10C
is used. FIG. 10C is described in detail later. In a color image
forming apparatus equipped with a spectral color measure-
ment device, detected results are fed back to a calibration
table or the like for correcting an exposure amount, process
conditions or a density-gradation characteristic of an image
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forming section. It is thereby possible to control the density or
chromaticity of an image formed on a recording material.
In addition, a method for self-cleaning inside an image
forming apparatus or processing for correction accompany-
ing aged deterioration that are performed for the purpose of
maintaining the color measurement accuracy of a color mea-
surement device are proposed, for example, in Japanese
Patent Application Laid-Open No. H11-216938 and Japanese
Patent Application Laid-Open No. 2006-214968. For
example, as in the case of a spectral color measurement
device 100 illustrated in FIG. 10B, a configuration is known
that includes a protective glass or a protective sheet for pro-
tecting the color measurement device from paper powder and
dust that is generated inside the image forming apparatus.
Because paper powder and dust adheres to the surface of a
protective glass or protective sheet 111, for example, Japa-
nese Patent Application Laid-Open No. H11-216938 pro-
poses a method for cleaning the measurement surface of the
color measurement device. The cleaning method described in
Japanese Patent Application Laid-Open No. H11-216938 is
effective for a configuration in which a gap between a refer-
ence sample that is disposed inside the image forming appa-
ratus and the color measurement device is small (approxi-
mately 0.2 mm or less). Further, Japanese Patent Application
Laid-Open No. 2006-214968 describes a method that focuses
onthe slope ofareference spectrum of a reference sample and
the slope of a spectrum obtained by measuring the current
reference sample, calculates a correction coefficient utilizing
the inclination in the slope regions, and reflects the correction
coefficient in a color measurement result. The method
described in Japanese Patent Application Laid-Open No.
2006-214968 is effective with respect to deterioration of a
light source and deterioration of a reference sample.
However, according to the method for cleaning the mea-
surement surface of a color measurement device described in
Japanese Patent Application Laid-Open No. H11-216938, in
practice, the configuration that is adopted has a slight gap
(approximately 0.2 mm to 2 mm) is provided in order to
reduce the conveyance load when conveying a medium (re-
cording material such as paper). Therefore, it is not possible
to completely eliminate stains such as paper powder and dust
on the color measurement surface of the color measurement
device or the reference sample, and there is also the concern
that mist or volatile colored gas or the like adhering to the
color measurement surface or the reference sample cannot be
removed. Further, according to the method described in Japa-
nese Patent Application Laid-Open No. 2006-214968, varia-
tions in the amount of received light (variations in stray light)
due to inner surface reflection that are caused by paper pow-
der or colored adhering substances that adhere to the protec-
tive glass cannot be corrected when performing color mea-
surement. That is, since the amount of received light increases
when a large amount of return light is produced by adhering
substances, when the same measurement object is measured,
the difference in the return light is reflected as it is in the
calculated result for the chromaticity that is obtained by the
color measurement device. Therefore, particularly with
respectto a measurement object that has a low lightness, there
is the problem that the difference becomes more prominent
and significantly influences the color measurement accuracy.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
described circumstances, and a purpose of the present inven-
tion is to improve the color measurement accuracy of a color
measurement device.
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Another purpose of the present invention is to provide an
image forming unit that forms a patch image including
patches of a plurality of gradations on a recording material, a
fixing unit that fixes the patch image that is formed by the
image forming unit, a measurement unit that irradiates light
onto the patch image that is fixed by the fixing unit, and
measures reflected light from the patch image; a reference
plate that is arranged facing the measurement unit, and a
control unit that controls a density or a chromaticity of an
image based on a result obtained by measuring the patch
image and a result obtained by measuring the reference plate
by means of the measurement unit, wherein the control unit
corrects information for controlling a density or a chromatic-
ity of an image based on a result obtained by measuring a
patch of a predetermined lightness and a result obtained by
measuring the reference plate by means of the measurement
unit.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1A and FIG. 1B are schematic configuration diagrams
that illustrate a spectral color measurement device according
to Exemplary Embodiments 1 to 3.

FIG. 1C is a configuration diagram of an image forming
apparatus.

FIG. 2A is a view that illustrates a patch image for color
measurement according to Exemplary Embodiment 1.

FIG. 2B is a block diagram of an image forming apparatus
according to Exemplary Embodiments 1 to 3.

FIG. 3A is a view illustrating a spectrum of an LED pack-
age according to Exemplary Embodiments 1 to 3.

FIG. 3B is a view illustrating a configuration of an LED
package according to Exemplary Embodiments 1 to 3.

FIG.4A and FIG. 4B are views that illustrate an installation
state of the spectral color measurement device according to
Exemplary Embodiments 1 to 3.

FIG. 4C is a view illustrating a contacting state between a
protective glass and a position opposite the protective glass.

FIG. 5A and FIG. 5B are views that illustrate surface states
on a protective glass according to Exemplary Embodiments 1
to 3.

FIG. 5C and FIG. 5D are graphs that illustrate measure-
ment results with respect to the respective surface states on
the protective glass.

FIG. 6 is comprised of FIGS. 6A and 6B, showing flow-
charts that illustrate color measurement processing according
to Exemplary Embodiment 1.

FIG. 7 is a view illustrating a patch image for color mea-
surement according to Exemplary Embodiment 2.

FIG. 8 is comprised of FIGS. 8A and 8B, showing flow-
charts illustrating color measurement processing according to
Exemplary Embodiment 2.

FIG. 9 is comprised of FIGS. 9A, 9B and 9C, showing
flowcharts illustrating color measurement processing accord-
ing to Exemplary Embodiment 3.

FIG. 10A and FIG. 10B are views illustrating a conven-
tional example of the configuration of a spectral color mea-
surement device.

FIG. 10C is a graph illustrating the spectral reflectivity of a
white reference plate.

DESCRIPTION OF THE EMBODIMENTS

Preferred embodiments of the present invention will now
be described in detail in accordance with the accompanying
drawings.
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Modes for carrying out the present invention will be
described in detail below by way of exemplary embodiments
with reference to the attached drawings.

Configuration of Conventional Spectral Color Measure-
ment Device

For the purpose of comparison with the exemplary embodi-
ments described hereunder, the configuration of a conven-
tional spectral color measurement device will be described
using FIG. 10A. A spectral color measurement device 100 has
a line sensor 101 which detects scattered light which was
dispersed. A light source 102 is formed of, for example, a
white LED, a halogen lamp, or an LED of three colors of
RGB. The light source 102 has a wavelength distribution
which covers the whole visible light range. White light 105
emitted from the light source 102 passes through an opening
for measurement 110 and enters a color measurement object
104 at an irradiation angle of approximately 45 degrees, and
turns into diffused light in accordance with the optical absorp-
tion properties of the color measurement object 104. Among
diffused light 106, a part of the light that is within the range of
anincident angle of approximately 2 degrees that is an image-
formation region of a condensing lens 107 is taken in thereby,
and becomes parallel light. The light that has become parallel
light enters a reflection-type diftraction grating 108 at an
incident angle of 0 degrees, and is dispersed by the reflection-
type diffraction grating 108. The scattered light that was
dispersed enters the line sensor 101. Lights of respectively
different wavelength ranges that were dispersed by the reflec-
tion-type diftraction grating 108 enter each pixel of the line
sensor 101, and the intensity for each wavelength of the
scattered light that was reflected by the color measurement
object 104 is obtained by obtaining the output of each pixel.
Note that FIG. 10B illustrates a configuration in which a
protective glass or protective sheet 111 is provided at the
opening for measurement 110, and components in FIG. 10B
that are the same as in FIG. 10A are denoted by like reference
numerals and a description of such components is omitted.
Further, FIG. 10C illustrates the spectral reflectivity of, for
example, a white resin sheet containing titanium oxide that is
used as a reference sample. In FIG. 10C, the abscissa axis
represents the wavelength (nm) and the axis of ordinates
represents the reflectivity.

Exemplary Embodiment 1

Configuration of Spectral Color Measurement
Device

Schematic views of a spectral color measurement device
used in Exemplary Embodiment 1 are illustrated in FIG. 1A
and FIG. 1B. A spectral color measurement device 10 in FIG.
1A includes a white light source 12 having an emission wave-
length distribution across the entire visible light range, a
condensing lens 17, a reflection-type diffraction grating 18
and a charge-accumulation-type line sensor (hereunder,
referred to simply as “line sensor”) 11. The spectral color
measurement device 10 that is a measurement unit has a
protective glass 19 whose purpose is to protect an opening 13
of'the sensor from the entry of dust or paper powder. Light 15
that is emitted from the white light source 12 passes through
the opening 13 and the protective glass 19. The light 15 enters
a color measurement object 14 (for example, a patch image T
that is described later) formed on a recording material P at an
incident angle of approximately 45 degrees, and turns into
diffused light in accordance with the light absorption proper-
ties of the color measurement object 14. A part of diffused
light 16 that is within the range of a light-condensing region
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of the condensing lens 17 is taken in by the condensing lens
17 and turned into parallel light, and thereafter enters the
reflection-type diffraction grating 18 at an incident angle of 0
degrees and is dispersed. The scattered light which has been
dispersed enters the line sensor 11.

As shown in FIG. 1B, the line sensor 11 of the present
exemplary embodiment includes 134 pixels which are neces-
sary for detecting visible light having a wavelength of
approximately 350 nm to approximately 750 nm in units of
approximately 3 nm. Note that, in FIG. 1B, numbers are
assigned in the order of 1, 2, . . ., 134 as address numbers of
the respective pixels to distinguish the respective pixels.
Since the light that enters the line sensor 11 has been dis-
persed by the reflection-type diffraction grating 18, the
respective pixels of the line sensor 11 correspond to respec-
tive wavelengths of incident light. In the line sensor 11, each
pixel accumulates an optical charge in accordance with the
intensity of the scattered light that enters therein. By control
of'the control calculation unit 22, the accumulated charges of
the line sensor 11 are converted to voltages and are sequen-
tially output as voltage signals. The output voltage signals are
subjected to AD conversion by an AD convertor 21, and the
control calculation unit 22 can obtain the reflected light from
the color measurement object 14 as a digital signal for each
pixel. The line sensor 11 used in the present exemplary
embodiment is a charge-accumulation-type line sensor, and
each pixel of the line sensor 11 outputs a voltage signal
according to the intensity of scattered light that entered
therein in a predetermined accumulation time period. The
accumulation time period of the line sensor 11 can be appro-
priately adjusted by the control calculation unit 22. Further, a
white-colored reference plate (hereinafter referred to as
“white reference plate”) 20 for correcting the spectral color
measurement device 10 is disposed at a position facing the
spectral color measurement device 10. Accordingly, in some
cases the patch image T, described later, that is formed on the
recording material P corresponds to the color measurement
object 14 that is to be measured by the spectral color mea-
surement device 10 and in some cases the white reference
plate 20 corresponds to the color measurement object 14.

Method for Determining Spectral Reflectivity Or(h) of
Color Measurement Object

A digital signal of each pixel that is output from the line
sensor 11 is subjected to AD conversion by the AD convertor
21 and input to the control calculation unit 22. The following
calculation is performed by the control calculation unit 22.
For each pixel of the line sensor 11, an address number n of
the respective pixels (according to the present exemplary
embodiment, n=1to 134) (see FIG. 1B) and a wavelength A of
light corresponding to the respective pixels are relatively
associated in advance (hereunder, described as “value set-
ting”). The address number n and wavelength A that are asso-
ciated with each other (that is, subjected to value setting) of
the respective pixels are stored in a memory unit 23. The value
setting operation can be conducted by means of a conven-
tional known method, for example, using a reference single
wavelength spectrum for which a wavelength A is known at
the time of shipping the line sensor 11. When each pixel of the
line sensor 11 and a wavelength A are associated with each
other in this manner, a wavelength-signal intensity spectrum
Oi(A) of the reflected light from the color measurement object
14 is obtained based on the voltage signal output for each
pixel of the line sensor 11 as described above.

In this case, a wavelength-signal intensity spectrum of
reflected light when light of the white light source 12 is
irradiated at a reference sample (usually, a white colored
reference sample; hereunder also referred to as “white refer-
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ence”) for which a previously measured spectral reflectivity is
known is taken as Wi(A). The spectrum Wi(}A) is a spectrum
obtained when the white reference is subjected to color mea-
surement (also referred to as “measurement”) by the spectral
color measurement device 10. In a case where a stain adheres
to the protective glass 19, the spectrum Wi(A) is a spectrum
measured in a state that also includes the stain. The wave-
length-signal intensity spectrum of the reference sample is
taken as Wr(A). The spectrum Wr(}) is the spectrum of the
white reference that was exactly measured in an ideal envi-
ronment without any stains or the like. Further, the spectral
reflectivity of the color measurement object 14 is taken as
Or()). The spectral reflectivity Or(A) of the color measure-
ment object 14 is determined by the following equation.

Or(M)={ Oi(W)/Wi(h) }x Wr(h) Equation (1)

Furthermore, the control calculation unit 22 performs an
interpolation operation for the spectral reflectivity in the
range from 380 nm to 730 nm in units of 10 nm based on the
spectral reflectivity Or(A) of the color measurement object 14
obtained from Equation (1), and outputs the result obtained to
the outside (for example, a control unit 55 that is described
later; see FIG. 1C).

When measuring the color measurement object 14 with the
spectral color measurement device 10 of the present exem-
plary embodiment, first, the control calculation unit 22
replaces the wavelength A in Equation (1) with the pixel
address n (Or(n)={Oi(n)/Wi(n)} xWr(n)). The control calcu-
lation unit 22 then calculates Oi(n)/Wi(n) for each pixel based
on the previously measured output signal Wi(n) of the white
reference and an output signal Oi(n) from the line sensor 11
when the color measurement object 14 was measured. Here,
the previously measured output signal Wi(n) of the white
reference is a value that is determined by processing in S118
in FIGS. 6 A and 6B that are described later (the same applies
to FIGS. 8A and 8B, and FIGS. 9A, 9B and 9C). Thereafter,
a relation between each pixel n of the line sensor 11 and a
wavelength A which were associated with each other is read
out from the memory unit 23, and the pixel address n is
replaced with the wavelength A to obtain Oi(A)/Wi(A). Fur-
ther, the control calculation unit 22 reads out a value of Wr(A)
stored in the memory unit 23, and the spectral reflectivity
Or(}) of the color measurement object 14 can be obtained in
accordance with Equation (1). That is, when the color mea-
surement object 14 is measured by the spectral color mea-
surement device 10, the control calculation unit 22 corrects
the output signal Oi(n) of the line sensor 11 based on the
measurement value Wi(n) of the white reference, and thus
outputs the spectral reflectivity Or(A) to outside.

Configuration of Color Image Forming Apparatus

The spectral color measurement device 10 of the present
exemplary embodiment can be used in an electrophoto-
graphic color image forming apparatus, for example. FIG. 1C
is a configuration diagram that illustrates a tandem color
image forming apparatus adopting an intermediate transfer
belt which is one example of an electrophotographic color
image forming apparatus. Note that a color image forming
apparatus, described later, to which the spectral color mea-
surement device 10 can be applied is not limited to an elec-
trophotographic color image forming apparatus, and for
example, the spectral color measurement device 10 may also
be applied to a color image forming apparatus of an inkjet
type or other type. The operation of an image forming section
of'the image forming apparatus used in the present exemplary
embodiment will now be described using FIG. 1C.

The image forming section includes a sheet feeding cas-
sette 44, photosensitive members (hereinafter referred to as
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“photosensitive drum™) 31Y, 31M, 31C and 31K for each
station of each color of YMCK, and charging rollers 32Y,
32M, 32C and 32K which serve as charging units. The image
forming section also includes scanners for exposure 33Y,
33M, 33C and 33K, and developing devices 38Y, 38M, 38C
and 38K which serve as developing units. Further, the image
forming section includes an intermediate transfer belt 37, a
driving roller 41 for driving the intermediate transfer belt 37,
atension roller 40, an auxiliary roller 42, and primary transfer
rollers 34Y, 34M, 34C and 34K. The image forming section
also includes a secondary transfer roller 43, a fixing unit, a
control unit 55 for controlling and operating these compo-
nents, and a controller 56. Note that the suffixes Y, M, C and
K that are added to the reference numerals represent the
colors yellow, magenta, cyan and black, respectively, and
hereunder YMCK are omitted unless it is necessary to make
specific distinctions. The photosensitive drum 31 is formed of
an aluminum cylinder that has an organic photoconductive
layer applied on the outer periphery thereof, and rotates by
means of a driving force transmitted from a driving motor that
is not shown in the drawings. The driving motor causes the
photosensitive drum 31 to rotate in the clockwise direction
(direction of the arrow in FIG. 1C) in accordance with an
image forming operation.

When the control unit 55 receives an image signal, a
recording material P is fed out from the sheet feeding cassette
44 or the like into the image forming apparatus by sheet
feeding rollers 45 and 46. The recording material P is tempo-
rarily nipped by a pair of registration rollers 47 that are
roller-like synchronous rotation members for synchronizing
an image forming operation and conveyance of the recording
material P as described later, and the recording material P is
stopped to wait at that position. On the other hand, the con-
troller 56 causes the scanner for exposure 33 to form an
electrostatic latent image in accordance with the received
image signal on the surface of the photosensitive drum 31
which has been charged to a fixed potential by the action of
the charging roller 32. The developing devices 38 are units for
visualizing electrostatic latent images, and perform develop-
ment of yellow (Y), magenta (M), cyan (C) and black (K) for
each station. A sleeve 35 is provided in each developing
device 38, and a developing bias for visualizing the electro-
static latent image is applied thereto. Thus, the electrostatic
latent images formed on the surfaces of the respective photo-
sensitive drums 31 are developed as single-color toner images
by the action of each developing device 38. The photosensi-
tive drum 31, the charging roller 32 and the developing device
38 for each color constitute an integral structure, and are
mounted in the form of a toner cartridge 39 which is detach-
able from the main body of the image forming apparatus.

The intermediate transfer belt 37 comes into contact with
the photosensitive drums 31Y, 31M, 31C and 31K and rotates
in the counterclockwise direction in synchrony with rotation
of the photosensitive drums 31Y, 31M, 31C and 31K when
forming a color image. The single-color toner images that are
developed on the respective photosensitive drums 31 are
sequentially superimposed and transferred onto the interme-
diate transfer belt 37 by the action of a primary transfer bias
applied to each of the primary transfer rollers 34 so as to form
a multicolor toner image on the intermediate transfer belt 37.
Thereafter, the multicolor toner image formed on the inter-
mediate transfer belt 37 is conveyed to a secondary transfer
nip section formed between the driving roller 41 and the
secondary transfer roller 43. At the same time, the recording
material P which had been waiting in the state of being nipped
between the pair of registration rollers 47 is conveyed to the
secondary transfer nip section by an action of the pair of
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registration rollers 47 in synchronization with the multicolor
toner image on the intermediate transfer belt 37. Subse-
quently, the multicolor toner image on the intermediate trans-
fer belt 37 is collectively transferred onto the recording mate-
rial P by an action of a secondary transfer bias applied to the
secondary transfer roller 43.

The fixing unit 51 melts and fixes the multicolor toner
image that was transferred onto the recording material P,
while conveying the recording material P. The fixing unit 51
includes a fixing roller 51a for heating the recording material
P, and a pressure roller 515 for pressing the recording material
P against the fixing roller 51a. The fixing roller 51a is formed
in a hollow shape, and contains a heater S1a/ therein. The
recording material P bearing the multicolor toner image is
conveyed by the fixing roller 51a and the pressure roller 515,
and heat and pressure are applied to the recording material P
by the fixing roller 51a and the pressure roller 515 so that the
toner is fixed to the surface of the recording material P.

The recording material P after fixing of the toner image
thereon is discharged to a sheet-discharge tray 52 by sheet-
discharge rollers 50 to thereby end the image forming opera-
tion in the case of one-sided printing. On the other hand, in the
case of double-sided printing, to perform image formation on
the second side of the recording material P, the recording
material P passes through a double-sided conveyance path 60
by means of a switch-back operation at a sheet-discharging
section, and is temporarily nipped by the pair of registration
rollers 47 again to stop and wait. Thereafter, the above-de-
scribed series of image forming operations is performed to
form an image on the second side of the recording material P.
A cleaning apparatus 48 removes toner remaining on the
intermediate transfer belt 37. The toner which is collected by
the cleaning apparatus 48 is stored in a cleaner container 49.

The spectral color measurement device 10 of the present
exemplary embodiment is arranged at a center position of the
double-sided conveyance path 60 in a longitudinal direction
in order to measure a color of a toner image (hereunder,
referred to as “toner patch”) as a measurement object that is
formed at specified intervals and in a specified shape on the
recording material P. More specifically, on the double-sided
conveyance path 60, the spectral color measurement device
10 is arranged at a center part in a direction that is orthogonal
to the conveyance direction of the recording material P. Note
that, a position at which the spectral color measurement
device 10 is arranged is not limited to a center position in a
longitudinal direction. Further, itis assumed that a toner patch
which is measured by the spectral color measurement device
10 is formed on the recording material P in accordance with
the position of the spectral color measurement device 10. In
addition, the spectral color measurement device 10 may be
arranged at a position at which the toner patch can be mea-
sured before the recording material P is discharged to outside
the image forming apparatus after the process of fixing the
toner patch on the recording material P ends. When an opera-
tion to measure a color of the toner patch with the color
measurement device 10 starts, first, by the series of image
forming operations that were initially described above, a
patch image T for color measurement that is illustrated, for
example, in FIG. 2A, is formed on the recording material P.
As shown in FIG. 2A, the patch image T as a toner patch has
a shape in which patches having different gradations are
formed in succession in the conveyance direction of the
recording material P. In the patch image T, a patch that is
located at the top of the recording material P in the convey-
ance direction is taken as a trigger patch (indicated by “trig-
ger” in FIG. 2A). Note that the trigger patch of the patch
image T is used for stray light correction that is described
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later, and also has a function as a trigger for detecting the
timing of color measurement. A description regarding refer-
ence character B in FIG. 2A is provided later in Exemplary
Embodiment 3.

The recording material P that has passed through the fixing
unit 51 is conveyed to the double-sided conveyance path 60
by a switch-back operation in the sheet-discharging section.
Subsequently, the spectral color measurement device 10
arranged in the double-sided conveyance path 60 sequentially
measures the color of the patch image T formed on the record-
ing material P in synchronization with conveyance of the
recording material P based on the trigger patch. When color
measurement by the spectral color measurement device 10
ends, after passing through the pair of registration rollers 47,
the recording material P passes through a secondary transfer
section and the fixing unit 51 so as to be discharged onto the
sheet-discharge tray 52 by the sheet-discharge rollers 50. This
series of image forming operations is controlled by the con-
trol unit 55 arranged in the image forming apparatus.

Image Forming Operation

Next, an example of an image forming operation in the
image forming apparatus of the present exemplary embodi-
ment is described using the block diagram illustrated in FIG.
2B. The controller 56 and the control unit 55 of the image
forming apparatus are connected to each other through a
video interface (not shown), and the controller is connected to
a host computer 57 of an external terminal or to network (not
shown). A color matching table (CM) to be used for color
conversion, a color separation table (C1) and a density cor-
rection table (D) are stored in a storage section of the control-
ler 56. In addition, the control unit 55 includes a CPU 202 for
performing processing with respect to image forming opera-
tions and color measurement results from the color measure-
ment device 10, and a memory 203 for temporarily storing a
measurement result from the spectral color measurement
device 10.

When the image forming operation starts, the controller 56
performs the following processing. The controller 56 con-
verts RGB signals indicating the colors of an image transmit-
ted from the host computer or the like into device RGB signals
that are adapted to a color reproduction range of the color
image forming apparatus, using the color matching table
(CM) which has been prepared beforehand. Hereinafter, the
device RGB signals adapted to the color reproduction range
of the color image forming apparatus are referred to as
“DevRGB signals”. Next, using the color separation table
(C1) and the color correction table (C2), which will be
described later, the controller 56 converts the DevRGB sig-
nals into CMYK signals which are the colors of toner color
materials of the color image forming apparatus. Note that the
color correction table (C2) is a table in which the data of the
table is updated in accordance with a color measurement
operation of the present exemplary embodiment that is
described later.

Further, using the density correction table (D) for correct-
ing gradation/density characteristics inherent to each color
image forming apparatus, the controller 56 converts the
CMYK signals to C'M'Y'K' signals to which the correction of
the gradation/density characteristics has been added. The
controller 56 then subjects the resultant signals to half-tone
processing to convert the C'M'Y'K' signals to C"M"Y"K"
signals. Thereafter, the controller 56 converts the C"M"Y"K"
signals to exposure time periods Tc, Tm, Ty and Tk using a
PWM (Pulse Width Modulation) table (PW). The exposure
time periods Tc, Tm, Ty and Tk are exposure time periods for
the scanners for exposure 33C, 33M, 33Y and 33K that cor-
respond to the C"M"Y"K" signals. The controller 56 controls
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the scanners for exposure 33C, 33M, 33Y and 33K in accor-
dance with these exposure time periods Tc, Tm, Ty and Tk.
Thus, the controller 56 forms electrostatic latent images on
the surfaces of the photosensitive drums 31C, 31M, 31Y and
31K, and the above-described series of image forming opera-
tions is performed.

Further, as shown in FIG. 2A, in an operation to measure
the color of the patch image T by the spectral color measure-
ment device 10, the patch image T for color measurement is
formed onthe recording material P. At this time, the controller
56 forms the patch image T in accordance with multiple items
of color patch data (CPD) in CMYK format that are previ-
ously stored in the controller 56. The patch image T may
include patches of a single color or may include patches
having a mixture of colors. The color of the patch image T for
color measurement which has been formed on the recording
material P is measured with the spectral color measurement
device 10. A spectral reflectivity Or(A) for each patch is
calculated by the control calculation unit 22 based on data
(the aforementioned Oi(n)) that was read by the line sensor 11
of the spectral color measurement device 10, and the result
obtained is output to the control unit 55.

The data for each spectral reflectivity Or(A) that was output
by the spectral color measurement device 10 is converted to
chromaticity values (for example, CIE L*a*b*) by the action
of'the control unit 55, and is sent to a color conversion section
of the controller 56. The color conversion section of the
controller 56 converts the chromaticity values (L*a*b*) that
were sent from the control unit 55 to CMYK format data
(CSD) utilizing a color management system (CMS) (not
shown). The CMYK format data (CSD) is data that depends
on the image forming apparatus. Thereafter, the color conver-
sion section of the controller 56 compares the converted
CMYK data (CSD) with the default color patch data (CPD).
As aresult, the controller 56 generates a color correction table
(C2) for correcting a difference between the converted
CMYK data (CSD) and the default color patch data (CPD)
and updates the table.

Although the above described processing is performed for
all patch images T for color measurement which have under-
gone color measurement, the patch image T that is subjected
to color measurement does not necessarily need to include all
colors that can be reproduced by the image forming appara-
tus. With regard to CMYK data for which an image has not
been formed as a patch image T for color measurement on the
recording material P, the correction table (C2) may be created
by conducting interpolation processing based on the patch
images T whose colors were measured. The correction table
(C2) created in this way is updated and stored in the controller
56 together with the color separation table (C1).

White Light Source Used in Spectral Color Measurement
Device

Next, the white light source 12 that is used when perform-
ing color measurement by means of the spectral color mea-
surement device 10 according to the present exemplary
embodiment will be described in detail. When measuring the
color of printed material or the color of an object by means of
the spectral color measurement device 10, the measurement
can be performed in the following manner, as described, for
example, in JIS 28722. That is, when performing strict mea-
surement of colors by means of the spectral color measure-
ment device 10, it is desirable to measure the intensity in a
wavelength region from 380 nm to 780 nm, or in a wavelength
region from 400 nm to 700 nm even in the case of a simple
color measurement.

Therefore, according to the present exemplary embodi-
ment, a light source such as an LED package having an
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emission spectrum as illustrated in FIG. 3A is used as the
white light source 12. In FIG. 3A, the abscissa axis represents
the wavelength (nm), and the axis of ordinates represents the
relative intensity. As shown in FIG. 3A, the emission spec-
trum of the white light source 12 of the present exemplary
embodiment has a shape formed by combining the spectrum
of the light-emitting diode having a local maximum value of
the emission intensity at a wavelength of 390 nm, a blue
spectrum, a yellow spectrum, and a red spectrum. Here, the
blue spectrum has a local maximum value of the emission
intensity at a wavelength of 450 nm, the yellow spectrum has
a local maximum value of the emission intensity at a wave-
length of 570 nm, and the red spectrum has a local maximum
value of the emission intensity at a wavelength of 630 nm.
Note that, similarly to a conventional known package, an
LED package having such an emission spectrum can be
obtained in an arbitrary shape or type such as a surface-
mounting type, a shell type and a chip-on-board type by
combining a light-emitting chip with a phosphor.

A schematic structural drawing of a surface-mounting-
type LED package is illustrated in FIG. 3B as a representative
example of the LED package. The surface-mounting-type
LED package is obtained by mounting a light-emitting diode
72 in a cavity 71 which has been molded with a ceramic, a
resin or the like, and filling the cavity 71 with a resin 73 such
as epoxy or silicone in which phosphors were dispersed.
When a current is supplied to the light-emitting diode 72
through an electrode 74, the inherent wavelength spectrum
that the light-emitting diode has is emitted therefrom. A part
of the emitted spectrum excites the phosphors inside the
cavity 71, and the inherent wavelength spectrum that the
respective phosphors have is emitted. The emission spectrum
illustrated in FIG. 3A which is used in the present exemplary
embodiment is emitted by using substances which emit light
of' the respective wavelengths of blue, yellow and red that are
described above as the phosphors.

Thus, according to the present exemplary embodiment, a
configuration is adopted in which an LED package which
uses a light-emitting diode having a local maximum value of
the emission intensity in a near-ultraviolet region is used as
the white light source 12. It is thereby possible to obtain a
spectral reflectance output in the vicinity of a wavelength of
400 nm which is necessary for color measurement and for
which a sufficient output cannot be obtained with a common
white LED. More specifically, to obtain an output in a wave-
length region that is equal to or greater than 380 nm or in a
wavelength region that is equal to or greater than 400 nm, a
light-emitting diode having a local maximum value of the
emission intensity in a wavelength region from 380 nm to 420
nm may be used as an excitation light source. An InGaN-
based light-emitting diode is widely known as such kind of
light-emitting diode.

In addition, as exemplified in the present exemplary
embodiment, a configuration may be adopted in which an
LED package that uses a plurality of phosphors having a local
maximum value of fluorescence intensity in a wavelength
region from 420 nm to 730 nm, as the white light source 12.
Itis thereby possible to obtain a spectral reflectance output in
a wavelength region from 400 nm to 700 nm that is necessary
for a simple color measurement. In this case, although the
composition of the phosphors that are used is not particularly
limited, an oxide phosphor or a nitride phosphor can be used
since these phosphors are chemically stable and prolong the
life of a semiconductor light-emitting element and an illumi-
nation apparatus. In particular, a phosphor can be used that is
formed by combining a metal oxide, a metal nitride, a phos-
phate or a sulfide with ions of a rare earth metal or ions of a
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metal as an activating element or a co-activating element. In
this case, the metal oxide is represented by Y203, Zn2Si04
and the like. The metal nitride is represented by Sr2SiSN8 and
the like. The phosphate is represented by Ca5(P0O4)3Cl and
the like. The sulfide is represented by ZnS, SrS, CaS and the
like. The rare earth metal is Ce, Pr, Nd, Pm, Sm, Eu, Tb, Dy,
Ho, Er, Tm, Yb or the like. Further, the metal is Ag, Cu, Au, Al,
Mn, Sb or the like. These phosphors are compositions that are
used as conventionally known phosphors such as a blue phos-
phor, a green phosphor, a yellow phosphor, an orange phos-
phor and a red phosphor.

Installation State of Spectral Color Measurement Device
on Double-Sided Conveyance Path

FIG. 4A and FIG. 4B are detailed drawings that illustrate
the installation state of the spectral color measurement device
10 on the double-sided conveyance path 60 after fixing. FIG.
4A illustrates a state in which the spectral color measurement
device 10 protrudes into the double-sided conveyance path
60, and the recording material P is nipped and conveyed. On
the other hand, FIG. 4B illustrates the manner in which the
spectral color measurement device 10 withdraws from the
double-sided conveyance path 60. In FIG. 4A, the spectral
color measurement device 10 is held by a color measurement
device holder 112, and the spectral color measurement device
10 is urged together with the color measurement device
holder 112 by an urging spring 113 and protrudes into the
double-sided conveyance path 60. The recording material P is
nipped by the protective glass 19 on the surface of the spectral
color measurement device 10 and the white reference plate
(which is also a part facing the spectral color measurement
device 10). A conveyance force is applied to the recording
material P by an unshown conveyance roller, and the record-
ing material P is conveyed along the double-sided conveyance
path 60 in the conveyance direction (direction of the down-
ward arrow in FIG. 4A) and passes through the spectral color
measurement device 10. In a state in which the recording
material P is passing through the spectral color measurement
device 10, in synchrony with passage of the patch image T
that includes a plurality of color patches that is formed on the
recording material P, the spectral color measurement device
10 reads the patch image T and a color measurement opera-
tion is executed.

In a case where a color measurement operation is not to be
performed by the spectral color measurement device 10, the
spectral color measurement device 10 is withdrawn from the
double-sided conveyance path 60 for the purpose of protect-
ing an image formation side of the recording material P when
the recording material P is conveyed along the double-sided
conveyance path 60. More specifically, a cam section 115 is
rotationally driven by an unshown motor or the like and the
cam section 115 pushes up a lift arm section 114 of the color
measurement device holder 112. The force that pushes up the
lift arm section 114 of the color measurement device holder
112 overcomes the urging force of the urging spring 113, and
the spectral color measurement device 10 is thus withdrawn
from the double-sided conveyance path 60. This state is illus-
trated in FIG. 4B. In FIG. 4B, the arrow direction towards the
left side in the drawing (direction perpendicular to the con-
veyance direction) shows the direction in which the spectral
color measurement device 10 withdraws. It will be under-
stood from the drawing that in this state the protective glass 19
that is a window portion for color measurement with respect
to the inner face of the double-sided conveyance path 60 is in
an open state. In the state illustrated in FIG. 4B, although
there is no contact between the surface of the protective glass
19 of the spectral color measurement device 10 and the
recording material P, because the protective glass 19 that is a
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window section for color measurement is in an open state, the
protective glass 19 is exposed to dust that swirls around the
inside of the image forming apparatus.

Further, in the state illustrated in FIG. 4A, since the record-
ing material P contacts the surface of the protective glass 19 of
the spectral color measurement device 10, an effect can be
expected whereby paper powder or dust that adheres to the
surface of the protective glass 19 is cleaned off by the record-
ing material P. However, since the recording material P must
be conveyed smoothly, there is a concern that bringing the
protective glass 19 and the white reference plate 20 into close
contact and conveying the recording material P therethrough,
and furthermore, pushing the recording material P against the
entire surface of the protective glass 19 and nipping and
conveying the recording material P will hinder the smooth
conveyance of the recording material P. Hence, it is necessary
to adopt a configuration with respect to the surface of the
protective glass 19 and the white reference plate 20 so that, as
illustrated in FIG. 4C in which the area of contact is reduced,
the recording material P comes in contact with the spectral
color measurement device 10 at only a facing part holder 20'
(hereunder, this configuration is referred to as “gap configu-
ration”). Therefore, although the protective glass 19 and the
recording material P contact at the portion of the facing part
holder 20", the configuration has a gap such that light contact
can be expected at other regions. Therefore, cleaning of the
surface of the protective glass 19 depends on the posture of
the recording material P. That is, a case where the protective
glass 19 is cleaned normally and a case where the protective
glass 19 is not cleaned and paper powder or dust remains
thereon may both arise depending on the posture of the
recording material P.

FIG. 5A and FIG. 5B illustrate states on the surface of the
protective glass 19 of the spectral color measurement device
10. Note that components that are the same as components
described in FIG. 1A are denoted by the same reference
numerals, and a description of such components is omitted.
FIG. 5A illustrates a state in which paper powder or dust is not
present on the protective glass 19. On the other hand, FIG. 5B
illustrates a state in which paper powder or the like 200 is
adhered on the protective glass 19. Further, FIG. 5C and FIG.
5D illustrate measurement results with respect to a dark-
colored (for example, black) measurement object that were
acquired in the states illustrated in FIG. 5A and F1G. 5B. FIG.
5C illustrates measurement results acquired in the state in
FIG. 5A, and FIG. 5D illustrates measurement results
acquired in the state in FIG. 5B. In the graphs in FIG. 5C and
FIG. 5D, the abscissa axis represents the wavelength (nm)
and the axis of ordinates represents reflectivity. As is clear
from the graphs illustrated in FIG. 5C and FIG. 5D, it was
found that the measurement results differed due to the pres-
ence of the paper powder or the like 200 that adhered to the
protective glass 19.

When the color measurement object 14 (hereunder, also
referred to as “measurement object”) on the recording mate-
rial P is black, as shown in FIG. 5C, the reflectivity is low in
a case where the paper powder or the like 200 is not adhered
to the protective glass 19. However, in a case where the paper
powder or the like 200 is adhered to the protective glass 19 as
shown in FIG. 5B, the light 15 from the white light source 12
is reflected by the paper powder or the like 200, and the
reflected light enters the line sensor 11. Therefore, as shown
in FIG. 5D, when the paper powder or the like 200 is adhered
to the protective glass 19, the reflectivity increases as a result.
Thus, it is found that the paper powder or the like 200 that is
adhered to the protective glass 19 significantly influences the
measurement results for the same measurement object. The
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main cause of such influence is stray light within the spectral
color measurement device 10 that is produced as a result of
the light 15 from the white light source 12 being diffused at
the inner face by the paper powder or the like 200 that is
adhered to the protective glass 19. Hence, to perform correct
color measurement in a state in which stray light is increasing,
it is necessary to remove the influence of the stray light by the
following procedures.

Procedures for Removal of Stray Light

The following definitions of each symbol are denoted by
signal components only. Further, (A) of the following sym-
bols denotes a set of wavelength components for every 10 nm
from 400 nm to 700 nm as spectral output. Stray light data
acquired when manufacturing the spectral color measure-
ment device 10 M1(A)
Known white reference reflectivity W_r(A)
Initial white reference measurement data of spectral color
measurement device 10 W1 (A)
Initial measurement data of measurement object P1(A)
Measurement data of dark-colored measurement object
acquired in a state in which paper powder or the like is not
adhered to the surface of the protective glass 19 S1 (A)
Measurement data of dark-colored measurement object
acquired in a state in which paper powder or the like is
adhered to the surface of the protective glass 19 S2(A)
Current measurement data of measurement object P2(A) Cal-
culation data calculated by removing stray light component
from current measurement data of measurement object P2'
)
Current white reference measurement data measured after
light amount correction with respect to white reference W2
*»)
Initial spectral reflectivity of measurement object R1(x) Cur-
rent spectral reflectivity of measurement object R2(A) Pri-
mary correction coefficients for removing stray light from
measurement data that includes stray light a, b

When using the symbols that are defined as described
above, the spectral reflectivity R(A) in a state in which no
stains are present on the surface of the protective glass 19, that
is, an initial state, is calculated by the following Equation (2).

RI()=(P1(W)-M1(W))/(WL0)-M1ON)XV_r () @)

However, the stray light data M2(A.) at a time of measure-
ment changes from the initial stray light data M1(%.). Conse-
quently, when calculating the spectral reflectivity R(A) in a
state where paper powder or the like adheres to the surface of
the protective glass 19, it is necessary to also remove the
amount of increased stray light (in other words, M2(A)-M1
(M)). Inthis case, a proportionality relation with respect to the
reflection from the respective measurement objects and the
amount of received light is established between two measure-
ment results (S1(A) and S2(A)) obtained by measuring the
aforementioned dark-colored measurement object and two
measurement results (W1(A) and W2(})) obtained by mea-
suring the white reference. Therefore, according to the
present exemplary embodiment, the following linear function
is applied between each of the two measurement results.

S1(W)=axS2(A)+b ©)

As shown in Equation (3), a linear equation is applied with
respect to the dark-colored measurement object. Next, the
following linear equation is applied with respect to the mea-
surement data of the white reference plate also.

W1 (N=ax W2(h)+b @

When coefficients a and b are calculated based on Equation
(3) and Equation (4), the results are as follows.
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a=(W1(W)=-S1NY(W2(W)-S2(A)) (5)
b=((W2(M)xS1(A))-(W1(W)xS2(M)/ (W2(M)-S1(N)) (6)

By using coefficients a and b that are calculated with Equa-
tion (5) and Equation (6), current calculation data P2' of the
measurement object that is data for which stray light has been
removed from the current measurement data P2(}) of the
measurement object that was measured by the spectral color
measurement device 10 can be calculated by the following
Equation (7). That is, P2'(A) from which stray light has been
removed can be obtained by correcting P2(A) that is informa-
tion for controlling the density or chromaticity of an image.

M

The current spectral reflectivity R2(}) is calculated by the
following Equation (8). Note that the spectral reflectivity
R2(}) of the following Equation (8) is the spectral reflectivity
Or()) of the above described Equation (1).

R2(W=(P2(N)-MLON(W209-M1 )XW _r(3)

P2'(0)=axP2(h)+b

®)

In Equation (8), the calculation data P2'(A) is a value obtained
by an approximate calculation with respect to the measure-
ment data P1 (A) obtained by Equation (7). Further, W2(\)
denotes the current white reference measurement data that
was measured after light amount correction with respect to
the white reference. Therefore, the relation W1(A)=W2(A)
exists. Hence, with regard to a value calculated with Equation
(8), the value is approximately equivalent to a value calcu-
lated with Equation (2), and thus the influence of stray light
caused by the adherence of paper powder or the like to the
protective glass 19 can be reduced.

Note that, in the foregoing description, in Equation (7) a
linear function is applied to the arithmetic expression for
calculating the calculation data P2'(A) from which a stray
light component was removed. However, the present inven-
tion is not limited thereto. For example, in a case where a
plurality of measurements can be performed as a correction
other than for the white reference plate 20 and a dark-colored
(forexample, black) measurement object, an equation may be
used that is a first- or higher degree function.

Correction Processing for Measurement Data of Spectral
Color Measurement Device

An example in which the above described calculation
method is applied to data processing of the spectral color
measurement device 10 inside an image forming apparatus is
illustrated in FIGS. 6A and 6B. In step (hereunder, abbrevi-
ated to ““S”) 102, as sensor sensitivity correction for the spec-
tral color measurement device 10, the control unit 55 per-
forms measurement by means of the line sensor 11 of the
spectral color measurement device 10 in a state in which the
white light source 12 is off (light is turned off), that is, per-
forms dark current measurement. The control unit 55 uses
image data measured by the line sensor 11 in S102 (the
measurement result obtained by the dark current measure-
ment) as data for offset calculation.

In S103, the control unit 55 irradiates the light 15 from the
white light source 12 onto the white reference plate 20, and
adjusts the light amount of the white light source 12 (hereun-
der, referred to as “adjustment of the light source light
amount”). The control unit 55 performs adjustment of the
light source light amount, for example, by the following con-
trol. That is, the control unit 55 irradiates the light 15 from the
white light source 12 onto the white reference plate 20, and
acquires data with respect to the white reference plate 20 by
means of the line sensor 11. Subsequently, the control unit 55
repeatedly measures the white reference plate 20 and controls
the drive current of the white light source 12 so that a maxi-
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mum brightness of the acquired data becomes a desired value.
Note that, an adjustment value at the time of light amount
adjustment that is obtained when the control unit 55 performs
adjustment of the light source light amount in S103 is denoted
by LED_ADII1.

In S104, the control unit 55 compares the adjustment value
(LED_ADIJ1) when light amount adjustment was performed
in S103 and a light amount adjustment value in a state in
which there are no stains (described as “no-stain condition
light amount adjustment value” in the figure). Here, the no-
stain condition light amount adjustment value is denoted by
LED_ADIJO. It is assumed that LED_ADIJO is stored in
advance in the memory unit 23 of the spectral color measure-
ment device 10. The control unit 55, for example, calculates a
difference value ALED_ADJ (=ILED_ADJO-LED_ADI1I)
between the adjustment value (LED_ADJ1) at the time of the
light amount adjustment performed in S103 and the no-stain
condition light amount adjustment value (LED_ADIJO0). The
control unit 55 determines whether or not the calculated dif-
ference value ALED_ADI is greater than a predetermined
value. If the calculated difference value ALED_ADIJ is less
than or equal to the predetermined value, the control unit 55
determines that the state is one in which cleaning is not
required (state is OK). On the other hand, if the calculated
difference value ALED_ADJ is greater than the predeter-
mined value (indicated as “N” in the figure), the control unit
55 determines that the state is one in which cleaning is
required (state is not OK). If the control unit 55 determined in
S104 that the calculated difference value ALED_ADJ (may
also be referred to as “comparison result”) is greater than the
predetermined value (state is not OK), in S106 the control unit
55 outputs a request to clean the protective glass 19. Note that,
the control unit 55, for example, causes cleaning of the sur-
face of the protective glass 19 to be executed or causes clean-
ing of the white reference plate 20 to be executed. The control
unit 55 also sets the initial value (=LED_ADIJO0) as the light
amount setting value. Note that the processing in S106 is not
essential processing, and a configuration may also be adopted
in which the processing in S106 is not performed. Therefore,
the flow to the processing in S106 and S107 from the deter-
mination in S104 is indicated with a broken line in FIGS. 6A
and 6B. In the case of omitting the processing in S106, the
flow advances from the processing in S103 to the processing
in S105.

If'the control unit 55 determines in S104 that the calculated
difference value ALED_ADI is equal to or less than the pre-
determined value (state is OK), in S105 the control unit 55
sets the light amount adjustment value (=LED_ADJ1) at the
time that light amount adjustment was performed in S103 as
the light amount setting value. In S107, the control unit 55
performs a white reference measurement A that is a first
measurement by means of the spectral color measurement
device 10. That is, the control unit 55 uses the spectral color
measurement device 10 to irradiate the light 15 with the light
amount setting value that was set in S105 or S106 from the
white light source 12 onto the white reference plate 20 and
measure the reflected light. The measurement result for the
white reference measurement A that the control unit 55 per-
formed using the spectral color measurement device 10 is a
value measured in a state in which the light amount adjust-
ment value is LED_ADIJ1 (LED_ADJO if the flow branched
to S106), and this value is taken as W2_A(A). In S108, the
control unit 55 starts conveyance of the recording material P.
The patch image T that includes a trigger patch that serves as
a criterion for starting measurement is formed on the record-
ing material P as illustrated in FIG. 2A. According to the
present exemplary embodiment, black that is the color having
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the largest color difference with respect to the color of the
recording material P is used as the trigger patch of a prede-
termined lightness. In S109, the control unit 55 uses the
spectral color measurement device 10 to detect the arrival of
the trigger patch (described as “TRG patch (black)” in the
figure) on the recording material P and measure the trigger
patch. Note that, in S109, a measurement value of the trigger
patch that the control unit 55 obtains by performing color
measurement by means of the spectral color measurement
device 10 is the above described S2(A). In S110, the control
unit 55 also performs measurement of a plurality of patches
other than the trigger patch of the patch image T formed on the
recording material P that continues to be conveyed. Note that,
ameasurement value of a patch other than the trigger patch for
which the control unit 55 performed color measurement by
means of the spectral color measurement device 10 in S110 is
the above described P2(A).

Thereafter, when the recording material P is conveyed as
far as a position at which the recording material P is separated
from the color measurement position of the spectral color
measurement device 10, and the recording material P on
which the patch image T is formed is discharged to the sheet-
discharge tray 52, in S111, the control unit 55 ends convey-
ance of the recording material P for color measurement pro-
cessing by the spectral color measurement device 10. At this
timing, since the recording material P is separated from the
color measurement position of the spectral color measure-
ment device 10, the state is one in which it is possible to again
measure the white reference plate 20 by means of the spectral
color measurement device 10. In S112, the control unit 55
performs measurement of the white reference plate 20 again
(referred to as “white reference measurement B” that is a
second measurement). Note that, a measurement result for the
white reference measurement B that the control unit 55
obtains by performing measurement by means of the spectral
color measurement device 10 in S112 is a value that is mea-
sured in a state in which the light amount adjustment value is
LED_ADIJ1 (LED_ADJO in a case where the processing flow
branched to S106), and this value is taken as W2_B(A). The
measurement of the white reference plate 20 again by the
spectral color measurement device 10 can be performed at a
timing after the trailing end of the recording material P has
passed through the spectral color measurement device 10.

By performing measurement twice by means of the spec-
tral color measurement device 10 in S107 and S112, the
control unit 55 can compare the stain condition of the white
reference plate 20 before and after conveyance of the record-
ing material P. In S113, the control unit 55 compares the
measurement result W2_A()) of the white reference mea-
surement A performed in S107 and the measurement result
W2_B(\) of the white reference measurement B performed in
S112, and determines a value W2() of the white reference
measurement based on the comparison result. For example,
the following processing is available as the processing that the
control unit 55 executes in S113. The control unit 55 com-
pares the respective measurement values for each pixel (for
each wavelength) of the white reference measurement A and
the white reference measurement B. If the control unit 55
determines that a difference value between the white refer-
ence measurement A and the white reference measurement B
is equal to or less than a predetermined value, the control unit
55 determines that there is almost no change in the stain
condition as a result of passage of the recording material P
through the spectral color measurement device 10, and
decides the value of W2(A) based on the value of either one of
W2_A(A) and W2_B(R).
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If the control unit 55 determines that the difference value
between the white reference measurement A and the white
reference measurement B is larger than the predetermined
value, the control unit 55 further makes a distinction between
different cases in the following manner. If the control unit 55
determines that the difference value is greater than the pre-
determined value and also that the measurement value W2_B
(A) of the white reference measurement B has become darker
than the measurement value W2_A(A) of the white reference
measurement A, the control unit 55 determines that the paper
powder or the like 200 on the protective glass 19 was removed
by conveyance of the recording material P. The control unit 55
then decides the value of W2(3.) based on the measurement
value W2_B(}) of the white reference measurement B. Onthe
other hand, if the control unit 55 determines that the differ-
ence value is greater than the predetermined value and also
that the measurement value W2_A(A) of the white reference
measurement A is darker than the measurement value W2_B
() of the white reference measurement B, the control unit 55
makes the following determination. That is, the control unit
55 determines that paper powder or the like adhered to the
protective glass 19 as a result of conveyance of the recording
material P or that the light amount of the white light source 12
changed. The control unit 55 then performs, for example,
linear interpolation with respect to the measurement values of
the white reference measurement A and the white reference
measurement B, and decides the value of W2(}.) based on the
linearly interpolated value.

Note that, as the processing the control unit 55 executes for
comparing the white reference measurements A and B before
and after conveyance of the recording material P, an average
value of W2_A(}) and W2_B(A) may be determined or a
value may be determined using other processing. In addition,
a configuration may also be adopted in which only either one
ofthe white reference measurement A and the white reference
measurement B is performed. Further, for example, the con-
trol unit 55 may decide whether to perform only either one of
or both of the white reference measurement A and the white
reference measurement B based on the conveying speed of the
recording material P. Thus, various methods are conceivable
with respect to conducting the white reference measurement
and the way in which to use a measurement result of the white
reference measurement.

In S114, the control unit 55 performs correction of stray
light using the trigger patch as described in the aforemen-
tioned Equation (3) by means of the control calculation unit
22 of the spectral color measurement device 10. More spe-
cifically, the control calculation unit 22 calculates the correc-
tion coefficients a and b from the above described Equation
(5) and Equation (6) based on the values of W1(A), W2(R), S1
(A)and S2(\). Inthis case, it is assumed that W1(A) and S1(A)
are stored in advance in the memory unit 23 of the spectral
color measurement device 10. Note that, although the control
unit 55 proceeds to the processing in S118 after the process-
ing in S114, the control unit 55 can also execute processing
such as in, for example, S115 to S117 after the processing in
S114.

That is, in S115 the control unit 55 determines whether or
not the level of stray light caused by adherence of paper
powder or the like (hereunder, referred to as “stray light
level”) is within a predetermined range based on the measure-
ment value S2(}) of the trigger patch that was measured in
S109. In this case, the term “predetermined range” is a range
in which correction of stray light can be performed. For
example, the control unit 55 calculates the difference between
the measurement values S2 (A) and S1 (A) of the trigger patch
as the stray light level, and determines whether or not the
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calculated difference is within the predetermined range. If the
control unit 55 determines in S115 that the stray light level is
within the predetermined range (the variation level is OK),
the control unit 55 proceeds to the processing in S117, while
if the control unit 55 determines in S115 that the stray light
level is not within the predetermined range (the variation level
is not OK), the control unit 55 proceeds to the processing in
S116. In S116 the control unit 55 determines that the stray
light level is not within a range in which correction of the stray
light can be performed and, for example, sets a warning flag
to the effect of requesting remeasurement, and then proceeds
to the processing in S117. In S117, for example, by perform-
ing similar processing as the processing described in S113,
the control unit 55 corrects the values for the white reference
measurement A and the white reference measurement B
based on the variation in the stray light level. As the process-
ing performed in S117, for example, based on the difference
between the measurement values S2 (A) and S1 () of the
trigger patch, the control unit 55 determines a value obtained
by deducting the influence caused by the stray light from the
value W2(}) that was determined in S113 as the value of
W2(}). Note that, since the processing in S115to S117 can be
omitted, in FIG. 6A and FIG. 6B the flow between S114 and
S118 is indicated with a broken line.

In S118, the control unit 55 calculates a white reference
reflectivity W2_r(}) using a and b that were calculated in
S114, by means of the control calculation unit 22 of the
spectral color measurement device 10. The white reference
reflectivity W2_r(A) calculated in S118 is a value that is
calculated in a state in which the influence of the stray light
has been removed. The white reference reflectivity W2_r(A)
calculated in S118 is calculated as follows. First, based on
Equation (4),

W1(M=axW2(h)+b

By substituting P2' (A.) with W2' (A) and substituting P2())
with W2(A) in Equation (7), the following equation is
obtained:

W2 (My=ax W2(h)+b

Here, when the value W2'(A) from which stray light was
removed is used as W2(A) of the denominator in Equation (8),
the resulting equation is:

W2__r(W)=(W2'(h)-M1(N)/ (W2 (N)-M1(N)x W_r(h)
—W_r(\)

Further, in S119, using the control calculation unit 22 of the
spectral color measurement device 10, the control unit 55
performs a color measurement calculation with respect to the
data P2()) of the patches of the respective gradations of the
patch image T measured in S110 using the following equa-
tion:

R2(W=(P2'(N)-MLON (W2 ()~M1 )X V_# (k) ©)

The value W2' (1) from which the influence stray light has
been removed is used in Equation (9) also.

Note that, based on the result obtained by detecting the
patch image T, the control unit 55 performs feedback to a
calibration table or the like for correcting the exposure
amount of the image forming section or the process condi-
tions or density-gradation characteristics. The control unit 55
then performs control with respect to the density or chroma-
ticity of a final output image that is formed on the recording
material P. After performing color measurement calculations
for all patches of the patch image T, the control unit 55 ends
the color measurement operation. The foregoing describes
the flow of a series of processing operations. Note that,
although the color measurement calculations are performed

10

15

20

25

30

35

40

45

50

55

60

65

20

collectively in S119 according to the present exemplary
embodiment, the timing of the calculations is not limited
thereto. For example, stray light correction may be performed
immediately after measuring the trigger patch, and color mea-
surement calculations may be performed sequentially for
each patch measurement. This similarly applies to the
embodiments described hereunder.

The spectral color measurement device 10 having the
above described configuration and adopting the present
sequence was installed in an image forming apparatus and
read a patch image T that was output with the image forming
apparatus. When the accuracy of the color measurement cal-
culation was checked, it was found that a high level of color
measurement accuracy could be obtained. According to the
correction processing of the present exemplary embodiment,
itis possible to lessen the influence on the color measurement
accuracy of stains on the protective glass 19 that affect the
color measurement accuracy which are produced by paper
powder that is generated accompanying image formation and
dust that enters from the external environment, and conse-
quently a stable color measurement accuracy can be main-
tained. Further, since the spectral color measurement device
10 that has a simple configuration can also maintain a high
level of color measurement accuracy with respect to stains
such as paper powder, it is easy to mount the spectral color
measurement device 10 to an image forming apparatus. In
addition, by reading the output patch image T by means of the
spectral color measurement device 10 that is installed inside
the image forming apparatus and feeding back the obtained
results with respect to the image forming conditions, an out-
put object having favorable color stability can be obtained.
Thus, according to the present exemplary embodiment, the
color measurement accuracy of a color measurement device
can be improved.

Exemplary Embodiment 2

Correction Processing of Measurement Data of
Spectral Color Measurement Device

A patch image T illustrated in FIG. 7 will now be described
with respect to Exemplary Embodiment 2. FIG. 7 illustrates a
patch image T for color measurement of the recording mate-
rial P with respect to which a measurement is performed by
the spectral color measurement device 10 in the present
exemplary embodiment. Unlike FIG. 2A, two trigger patches
(trigger 1 and trigger 2) are formed in patch image T illus-
trated in the FIG. 7. These trigger patches have a combination
of both the stray light correction function and the color mea-
surement timing function described in Exemplary Embodi-
ment 1. According to the present exemplary embodiment,
similarly to Exemplary Embodiment 1, black that has the
largest color difference with respect to the recording material
Pisused for the trigger patches. Note that, in a case where the
recording material P is elongated, although two or more trig-
ger patches may be provided, the present exemplary embodi-
ment describes an example in which two trigger patches are
provided using FIG. 8A and FIG. 8B.

In the flowcharts illustrated in FIG. 8A and FIG. 8B, pro-
cessing that is the same as processing in the flowcharts illus-
trated in FIG. 6 A and FIG. 6B is denoted by the same step
number, and a description of such processing is omitted here-
under. In the present exemplary embodiment, because there
are two trigger patches, a trigger patch on the recording mate-
rial P that the control unit 55 detects by means of the spectral
color measurement device 10 in S109 of FIGS. 8A and 8B is
the first trigger patch (trigger 1; described as “TRG patch 1
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(black)” in the drawings). The result of the measurement by
the spectral color measurement device 10 that the control unit
55 obtains in S109 is taken as S2__1(A).

In S209, the control unit 55 detects the trigger patch 2
formed on the same recording material P, by means of the
spectral color measurement device 10. The result of the mea-
surement by means of the spectral color measurement device
10 that the control unit 55 obtains in S209 is taken as S22
(A). In S210, the control unit 55 performs measurement of
other patches formed on the recording material P that contin-
ues to be conveyed.

In S114, the control unit 55 performs correction of stray
light produced by the paper powder or the like 200 that
adheres to the protective glass 19, as described using Equa-
tion (3) of Exemplary Embodiment 1. In a case where the
control unit 55 performs stray light correction, the correction
may be performed using a difference (S2_2(A)-S2_1(A))
between the trigger patch 1 and the trigger patch 2, or average
processing ((S2__2(A)+S2__1(A))/2) may be performed. Note
that, in a case where the patch image T includes a plurality of
trigger patches, average processing ((S2__1+S2_2+ . ..
+S2_n)/n) of the measurement results of the plurality of trig-
ger patches (n trigger patches, where n represents a positive
integer) may be performed.

The foregoing describes the flow of a series of processing
operations. The spectral color measurement device 10 having
the above described configuration and adopting the present
sequence was installed in an image forming apparatus, and
read the patch image T of the present exemplary embodiment
that was output with the image forming apparatus. When the
accuracy of the color measurement calculation was checked,
it was found that, similarly to Exemplary Embodiment 1, a
high level of color measurement accuracy could be obtained.
Thus, according to the present exemplary embodiment, the
color measurement accuracy of a color measurement device
can be improved.

Exemplary Embodiment 3

In Exemplary Embodiments 1 and 2, the trigger patch and
the white reference plate 20 are measured, and stray light
correction processing is performed on the basis that stains are
adhered to either one of the protective glass 19 and the white
reference plate 20. According to Exemplary Embodiment 3, a
configuration is adopted that measures a patch that is bright in
comparison to the trigger patch, and if'it is determined based
on the result of measuring the white reference plate 20 and the
result of measuring the bright patch that stains are present on
the white reference plate 20, correction is performed with
respect to the stains on the white reference plate 20.

Correction Processing for Measurement Data of Spectral
Color Measurement Device

The present exemplary embodiment will now be described
using FIG. 9A, FIG. 9B and FIG. 9C. Note that processing
that is the same as processing described in Exemplary
Embodiment 1 is denoted by the same step number, and a
description of such processing is omitted hereunder. As the
patch image T that is used for the processing illustrated in
FIGS. 9A to 9C, a patch having a high degree of lightness in
comparison to a trigger patch of a predetermined lightness,
that is, a bright patch, is disposed as denoted by reference
character B in FIG. 2A and FI1G. 7. More specifically, a patch
(hereunder, referred to as “B patch”) of a single color such as
yellow is used for a color image forming apparatus. Note that
although a plurality of B patches may be provided on the
recording material P, according to the present exemplary
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embodiment an example in which a single B patch is provided
is described using FIG. 9A, FIG. 9B and FIG. 9C.

In 8302, the control unit 55 performs measurement of the B
patch of the patch image T on the recording material P by
means of the spectral color measurement device 10. Note that
although measurement of the B patch is executed after the
processing in S109 and S110 in FIGS. 9A to 9C, measure-
ment of the B patch may be performed in S110. In S303, the
control unit 55 performs a comparison with the B patch mea-
sured in S302. The control unit 55 performs a comparison of
stain conditions using the measurement result of the B patch
measured in S302 and, for example, either one of a reference
value or an initial color measurement result of a patch of the
image forming apparatus (it is assumed that both are for the
same color as the B patch). Here, it is assumed that, for
example, the reference value or the initial color measurement
result of the patch of the image forming apparatus is for
yellow, and the value thereof is taken as Y1(}). It is assumed
that Y1(A) is stored in advance in the memory unit 23 of the
spectral color measurement device 10. Further, the measured
value of the B patch is taken as Y2(A). Next, the control unit
55, for example, calculates a difference value AY between the
measurement value Y2(A) of the B patch measured in S302
and the reference value or the like Y1(A), and determines
whether or not the calculated difference value AY is greater
than a predetermined value. If the calculated difference value
AY is less than or equal to the predetermined value, the
control unit 55 determines that it is not necessary to perform
correction processing that is required when stains have
increased (hereunder, referred to as “stain increase correction
processing”) (i.e. the state is OK). On the other hand, if the
calculated difference value AY is greater than the predeter-
mined value, the control unit 55 determines that the state is
one in which the stain increase correction processing is nec-
essary (i.e. the state is not OK).

If'the control unit 55 determines in S304 that stain increase
correction processing is necessary based on the result of the
comparison with the B patch, the control unit 55 performs the
stain increase correction processing in S305. In S305, the
control unit 55 attempts to optimize the white reference pro-
file that is mainly used in a color measurement calculation.
Here, the relations in Equation (2) and the like (for example,
Y1(A)=cxY2())+d; where ¢ and d are coefficients) also hold
with respect to the B patch. The control unit 55 reflects varia-
tions in the measurement results that are caused by stains that
are determined based on the measurement result of the B
patch in the measurement value W2()) for the white refer-
ence. For example, based on the difference between the mea-
surement value Y2 (A) of the B patch and Y1(A), the control
unit 55 determines a value obtained by deducting the influ-
ence of stains from the value W2(A) that was determined in
S113 as the value for W2(Q).

In 8306, the control unit 55 extracts the amount of decrease
in the light amount caused by stains from when the white
reference plate 20 was initially installed. Here, the reflectivity
is high in a state in which the white reference plate 20 is not
stained, and the reflectivity decreases when the white refer-
ence plate 20 becomes stained. The control unit 55 extracts
the amount of decrease in the light amount based on a
decrease in the reflectivity caused by stains on the white
reference plate 20. Note that when performing correction
processing with respect to measurement data of the patches of
respective gradations of the patch image T, the control unit 55
uses data for the amount of decrease in the light amount that
was extracted. More specifically, since stains such as paper
powder have different spectral intensity levels for each wave-
length, the data for the amount of decrease in the light amount
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that was extracted is used for calculating as a correction
coefficient for each spectral reflectivity of the respective
patches that are measured.

The spectral color measurement device 10 that has the
aforementioned configuration and performs the above
described correction processing was installed in an image
forming apparatus and read the patch image T that was output
by the image forming apparatus, and the accuracy of the color
measurement calculation was checked. The result showed
that a high level of color measurement accuracy could be
obtained even in a case where stray light caused by stains on
the protective glass 19 increased and a decrease in the main
light occurred or in a case where the white reference plate 20
is affected by stains. Thus, according to the present exemplary
embodiment, the color measurement accuracy of a color mea-
surement device can be improved.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-129813, filed Jun. 20, 2013, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image forming apparatus comprising:

an image forming unit that forms a patch image on a
recording material, the patch image including patches of
a plurality of gradations;

a fixing unit that fixes the patch image formed by the image
forming unit;

a measurement unit that irradiates light onto the patch
image fixed by the fixing unit, and measures reflected
light from the patch image;

a reference plate provided to oppose to the measurement
unit; and

a control unit that controls a density or a chromaticity of an
image based on a result obtained by measuring the patch
image and a result obtained by measuring the reference
plate by the measurement unit,

wherein the control unit corrects information for control-
ling a density or a chromaticity of an image based on a
result obtained by measuring a patch of a predetermined
lightness and a result obtained by measuring the refer-
ence plate by the measurement unit, and

wherein the control unit performs a first measurement of
the reference plate by the measurement unit before a
recording material reaches the measurement unit, and
performs a second measurement of the reference plate
by the measurement unit after the recording material
passes through the measurement unit.

2. An image forming apparatus according to claim 1,

wherein the correction of information for controlling a den-
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sity or a chromaticity of an image includes correction of stray
light of the measurement unit.

3. An image forming apparatus according to claim 1,
wherein the patch of a predetermined lightness includes a
black patch.

4. An image forming apparatus according to claim 3,
wherein the black patch is formed at a top of the patch image
in a conveyance direction of a recording material.

5. An image forming apparatus according to claim 3,
wherein the patch image has a plurality of the black patches,
at least one of the plurality of black patches formed at a top of
the patch image in a conveyance direction of a recording
material; and

wherein the control unit corrects the information for con-

trolling a density or a chromaticity of an image based on
results of measurement of a plurality of the black
patches by the measurement unit.

6. An image forming apparatus according to claim 3,
wherein the control unit corrects a result obtained by measur-
ing the reference plate by the measurement unit based on a
result obtained by measuring the black patch by the measure-
ment unit.

7. An image forming apparatus according to claim 1,
wherein the control unit calculates a result obtained by mea-
suring the reference plate based on a measurement result of
the first measurement and a measurement result of the second
measurement.

8. An image forming apparatus according to claim 1,
wherein the reference plate is white.

9. An image forming apparatus according to claim 1,
wherein the patch image includes a patch having a high light-
ness relative to the patch of a predetermined lightness; and

the control unit corrects a result obtained by measuring the

reference plate by the measurement unit based on a
result obtained by measuring the patch having a high
lightness by the measurement unit.

10. An image forming apparatus according to claim 9,
wherein the patch having a high lightness is a yellow patch.

11. An image forming apparatus according to claim 1,
wherein the measurement unit includes a white light source.

12. An image forming apparatus according to claim 11,
wherein the white light source irradiates light in a wavelength
region from 400 nm to 700 nm.

13. An image forming apparatus according to claim 1,
wherein the measurement unit includes:

a spectral unit that disperses reflected light from the patch

image; and

a line sensor that receives light that is dispersed by the

spectral unit.

14. An image forming apparatus according to claim 13,
wherein a pixel of the line sensor is associated with a wave-
length of the dispersed light.
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